In this contribution, pressurized liquid extraction (PLE) has been employed to isolate 26 bioactive compounds from three native Romanian plants, oregano (Origanum vulgare), 27 tarragon (Artemisia dracunculus) and wild thyme (Thymus serpyllum). Different PLE 28 conditions have been tested including extraction with water, ethanol and their mixtures 29 in a wide range of extraction temperatures (50-200 ºC), and the antioxidant capacity of 30 the extracts was measured using different assays (DPPH radical scavenging, TEAC 31 assay and Folin-Ciocalteau assay to measure total phenolics). Moreover, a complete 32 chemical characterization by using LC-MS/MS was carried out to be able to correlate 33 the bioactivity with the particular chemical composition of each extract and plant. The 34 use of PLE with water as a solvent at the highest temperature (200ºC) always provided 35 the highest extraction yields for the three studied plants, being maximum for oregano (> 36 60%). Besides, oregano's pressurized water extracts at lower temperatures (50°C) 37 presented the highest content on total phenolics (184.9 mg gallic acid/g extract) and the 38 best antioxidant activities (EC 50 6 .98 µg/ml). In general, oregano extracts were the most 39 active, followed by wild thyme extracts. The antioxidant capacity measured by DPPH 40 was highly correlated with the amount of total phenols. Moreover, the use of a LC-41 MS/MS method allowed the identification of 30 different phenolic compounds in the 42 different extracts, including phenolic acids, flavones, flavanones and flavonols, which 43 have an important influence on the total antioxidant capacity of the different extracts. 44 48 6 from cell with N 2 gas and (vii) depressurization takes place. Between extractions, a 124 rinse of the complete system was made in order to overcome any carry-over. 125
Once extractions were finished, solvents were removed. For the evaporation of the 126 ethanol, a Rotavapor R-210 (from Buchi Labortechnik AG, Flawil, Switzerland) was 127 used. The water extracts were lyophilized using a freeze-dryer (Labconco Corporation, 128
Missouri, USA). Just before their HPLC analysis, the dried extracts were redissolved to 129 a known concentration and filtered through 0.45 µm nylon filters (Symta, Madrid, 130 Spain). 131 132
Determination of total phenols. 133
Total phenols were estimated as gallic acid equivalents (GAE), expressed as mg gallic 134 acid/g d.m. (dry matter) according to the Folin-Ciocalteau assay [7] . The total volume 135 of reaction mixture was miniaturized to 1 mL. Six hundred microliters water and 10 µL 136 of sample were mixed, to which 50 µL undiluted Folin-Ciocalteu reagent was 137 subsequently added. After 1 min, 150 µL of 2% (w/v) Na 2 CO 3 were added and the 138 volume was made up to 1.0 mL with water. After 2 h of incubation at 25 °C, 300 µL of 139 the mixture were transferred into a well of the microplate. The absorbance was 140 measured at 760 nm in a microplate spectrophotometer reader (BioTek) and compared 141 to the gallic acid calibration curve (0.025 -2 mg/mL) elaborated in the same manner. 142
Data were presented as the average of duplicate analyses. 143 144
DPPH radical scavenging assay. 145
The antioxidant capacity of all the obtained extracts was measured using the DPPH 146 radical scavenging assay based on the protocol by Brand-Williams et al. [8] and 147 formerly described [9] . Briefly, a solution was prepared dissolving 23.5 mg of DPPH in7 100 mL of methanol. This stock solution was further diluted 1:10 with methanol. Both 149 solutions were stored at 4 °C until use. Different concentrations of extracts were tested. 150
Twenty five microliters of these solutions were added to 975 µL of DPPH diluted 151 solution to complete the final reaction medium (1 mL). After 4 h at room temperature, 152 300 µL of the mixture were transferred into a well of the microplate, and the absorbance 153 was measured at 516 nm in a microplate spectrophotometer reader (BioTek). DPPH-154 methanol solution was used as a reference sample. The DPPH concentration remaining 155 in the reaction medium was calculated from a calibration curve. The percentage of 156 remaining DPPH against the extract concentration was then plotted to obtain the amount 157 of antioxidant necessary to decrease the initial DPPH concentration by 50% or EC 50 . 158 Therefore, the lower the EC 50 , the higher the antioxidant capacity. Measurements were 159 done, at least, by triplicate. 160 161 2.5. Trolox equivalent antioxidant capacity (TEAC) assay. 162
The TEAC assay described by Re et. al.
[10] with some modifications was used to 163 measure the antioxidant capacity of the PLE extracts. ABTS radical cation (ABTS ·+ ) 164 was produced by reacting 7 mM ABTS with 2.45 mM potassium persulfate and 165 allowing the mixture to stand in the dark at room temperature for 12-16 h before use. 166
The aqueous ABTS ·+ solution was diluted with ethanol for the ethanol extracts and with 167 5 mM phosphate buffer (pH= 7.4) for the water and water-ethanol extracts, to an 168 absorbance of 0.70 (± 0.02) at 734 nm. Ten microliters of sample (different 169 concentrations) were added to 1 mL of diluted ABTS ·+ radical solution. After 50 min at 170 30 °C, 300 µL of the mixture were transferred into a well of the microplate, and the 171 absorbance was measured at 734 nm in a microplate spectrophotometer readerconcentrations of each extract tested in the assay giving a linear response between 20-80 175 % of the blank absorbance. All analyses were done at least in triplicate. 176 177
LC-MS/MS analyses. 178
The LC-MS/MS analyses were carried out using an Accela (Thermo Scientific, San 179
Jose, CA) liquid chromatograph equipped with a DAD and an autosampler. were also employed for the two solvents (50, 100, 150 and 200ºC), covering the whole 217 instrument's temperature working range. Based on our previous experience with natural 218 matrices [9] , the pressure was maintained during the whole extraction procedure at 1500 219 psi and the static extraction time was set at 20 min. This pressure was selected 220 considering that once the extraction pressure is enough to maintain the solvent in the 221 liquid state, its effect is not statistically significant on the outcome of the extraction 222
[11]. Likewise, it has been statistically demonstrated that the influence of the static 223 extraction time is not extremely high [11] , and that 20 min is sufficient to ensure the 224 complete extraction of valuable compounds from natural matrices [12] . Moreover, in 225 order to more precisely study the influence of the solvent, different proportions of water 226 and ethanol were combined, namely 25/75, 50/50 and 75/25. To perform these 227 experiments, a medium temperature (100 ºC) was selected. 228 Figure 1 shows the results in terms of extraction yield for the different conditions tested 229 and the three studied plants. As it can be observed, the highest yield was obtained by 230 PLE using water at 200ºC for the three plants, being maximum for oregano, reaching 231 values higher than 60 %, whereas the lowest yields were obtained using ethanol as 232 solvent at 50 ºC (particularly the yield obtained for wild thyme, 3.2 %). Considering the 233 different extraction temperatures tested, the extraction yield was higher when increasing 234 the temperature, independently of the solvent employed. For the same temperature, in 235 all cases significantly higher yields were obtained with water compared to those with 236 ethanol. In agreement with this observation, when the extraction temperature was 237 maintained at 100ºC and the solvent composition was changed, the extraction yield 238 increased when higher proportions of water were employed. Interestingly, similar yields 239 were obtained with 100 % water and a mixture water/ethanol 75:25. These results 240 suggest that most of the compounds present on these plants had a relatively high 241 polarity, and therefore, were preferentially extracted with ethanol and, above all, with 242 water. The increase of extraction yield with the temperature corresponded to a typical 243 increment of the mass transfer as a result of the application of higher temperature as 244 well as to a decrease on the solvent viscosity which helps the solvent to penetrate the 245 matrix. 246
The next step consisted on the functional analysis of the extracts: assays such as Folin-248
Ciocalteau, DPPH and TEAC were used to assess both, the total phenols and the 249 antioxidant capacity of the extracts obtained under the screened conditions; data is 250 presented in Table 1 . In terms of total phenols, it can be seen that oregano was, by far, 251 the richest plant in terms of total phenols followed by wild thyme and tarragon; this 252 behavior was maintained in all the PLE conditions tested. On the other hand, the highest 253 amount of total phenols was obtained with pressurized water for all the studied plants. 254 However, the behavior of the different plants as a response of the increase of 255 temperature was different. Whereas oregano extracts presented a maximum at 100 ºC, 256 200 ºC was the most efficient temperature for phenol's extraction in tarragon and wild 257 thyme. In both cases, a higher extraction temperature meant a higher amount of total 258
phenols extracted for the two tested solvents. When keeping the extraction temperature 259 constant at 100 ºC, it could be observed how the maximum amount of total phenols was 260 attained using a mixture of ethanol/water 50:50 for tarragon and wild thyme, whereas 261 for oregano 100% water provided with better results. Nevertheless, the amount of total 262 phenols obtained from oregano with the three solvent mixtures water/ethanol were not 263 statistically different (p > 0.05). Nonetheless, looking at the results as a whole, it can be 264 affirmed that the three plants, particularly oregano, were rich on phenols, and thus, had 265 the potential for providing with active antioxidant extracts. Table 1 . It is important to consider that the results from the DPPH 273 method were expressed as EC 50 [8] and therefore, the lowest the value, the highest the 274 antioxidant capacity. As can be seen, the best results in terms of EC 50 were obtained for 275 oregano. As a general trend for the three plants, an increase of extraction temperature 276 using ethanol provided a higher antioxidant capacity, although values obtained for 277 extractions at 150 and 200 ºC (using ethanol) were not statistically different (p > 0.05). 278
In the case of the PLE extractions using water, an increase in the antioxidant capacity 279 was generally observed when the temperature was raised from 50 to 100 ºC, then 280 oregano, some extracts possessed the same antioxidant capacity or even higher than 297 degradation of total phenols could occur when extracting with water at the highest 299 temperature while, at the same time, new antioxidants might be forming at these 300 conditions. 301
302
As for the results of TEAC assay (Table 1) 
Chemical characterization of the obtained extracts. 309
An LC-MS method was adapted to characterize the obtained PLE extracts from the 310 three studied plants. A quite slow gradient was employed, not chasing a fast analysis but 311 a higher resolution of the complex profiles of the different extracts. In Figure 3 be observed in Figure 3 A and B, together with the information given in Table 2, the  332 profile obtained when using water as extraction solvent was different than with ethanol. 333
As expected, the main differences were observed for the less polar compounds that were 334 preferably extracted using ethanol. When a mixture ethanol/water was employed, results 335 were similar to those obtained only using water; these results are in agreement with 336 those on total phenols that, for mixtures, were closer to the values obtained with water 337 at the same temperature. 338
339
The main phenolic antioxidant present on the extracts obtained with water was 340 rosmarinic acid (peak 21); this compound is well-known by its potent antioxidant 341 activity [24] . Other important compounds in these extracts were luteolin-7-O-342 glucuronide (peak 15) as well as luteolin (peak 22) and different phenolic acids 343 including syringic (peak 1), protocatechuic (peak 2), homovanillic (peak 3), chlorogenicand common fragments were found. These type of phenolic compounds are widely 347 Table 1 ). Nevertheless, qualitatively, the main difference 355 among these two extracts was the lack of extraction of less polar antioxidants, mainly 356 luteolin at the lower temperature. Also at 100 ºC (chromatogram not shown), apigenin-357 7-O-glucuronide could be tentatively identified since its molecular ion, as well as the 358 fragment corresponding to apigenin, were detected, together with the match of its UV-359 Vis spectrum. This compound was not recovered when using water at 200ºC, probably 360 because of too higher temperatures led to its degradation. 361
362
Concerning the ethanol extracts, their chromatographic profiles were very similar, 363 although a higher amount of phenolics could be obtained at the highest temperature 364 (Table 1) . In these extracts, rosmarinic acid (peak 21) was also among the main 365 components present, although luteolin (peak 22) and caffeic acid ethyl ester (peak 24) 366 could be also extracted in high amounts. Regarding this latter compound, identification 367 was based on the combination of the typical UV-Vis spectra of an hydroxycinnamic 368 acid, with absorption maxima at 299 and 323 nm, together with a molecular weight 369
) of 207.2. This information suggested the presence of a hydroxycinnamic acid 370 derivative. Moreover, the fragmentation of this base peak provided with fragmentscorresponding to m/z 179, 161 and 135, typical of caffeic acid. Thus, combining all this 372 information, this peak could be tentatively assigned to caffeic acid ethyl ester, as it is 373 shown in Figure 4 . In general, a total of 14 different compounds could be tentatively 374 identified in the Romanian oregano extracts. Besides, as it can be observed in Figure 3 , 375 other important peaks in the chromatograms could not be successfully assigned; 376 information regarding their UV-Vis maxima, molecular ion and main fragments 377 detected is shown in Table 3 . For instance, peak f showed UV-Vis and MS spectra that 378 may indicate the presence of dyhydroxykaempferol. The retention time of this peak 379 could also confirm this tentative assignment. However, due to the absence of a clear 380 fragment at m/z 259, this peak could not be successfully assigned. 381 382
Tarragon PLE extracts. 383
To the best of our knowledge, the possibility of extracting antioxidant compounds using 384 PLE from tarragon has not been explored so far. In fact, in general, only the 385 characterization of the essential oil produced by some species of Artemisia has raised 386 some attention [27] [28] [29] . As it can be observed in Figure 3 C and D, the profiles obtained 387
for the extracts obtained with water and ethanol at 200ºC from tarragon were 388 qualitatively quite similar, although, in general, water extracts possessed higher amount 389 of phenols than their corresponding counterparts obtained with ethanol (see Table 1 ). In 390 fact, the same compounds could be basically identified in both extracts. Nevertheless, 391 the water extracts were mainly characterized by the presence of caffeoylquinic (peaks 4, 392 6 and 8) and dicaffeoylquinic (peaks 17, 18 and 20) acids whereas in the ethanol 393 extracts the major compounds were found at the end of the chromatogram, 394 corresponding to less polar compounds (e.g., peaks h, i, j). Besides, the samecaffeic acid ethyl ester (peak 24), was the main peak in these extracts. On the other 397 hand, in water extracts, these compounds were found in less amounts or not found at all 398 Other important peaks that could not be completely identified (peaks g, h, i and j, see 424 Figure 3C and D) were also detected in the extracts produced using both solvents, 425 although they were in higher extent in the ethanol extracts. Characteristics of these non-426 identified peaks are shown in Table 3 . 427 (Table 1) , as mentioned previously for oregano extracts. However, those extracts 437 obtained with ethanol possessed a different composition. As it can be clearly observed 438 in Figure 3 E and F, less polar compounds dominated in the ethanol extract 439 chromatogram whereas more polar compounds were extracted with water. Among them, 440 rosmarinic acid (peak 21) was the main compound in the wild thyme water extracts. 441
Besides, other polar phenolic acids were also detected, notably, syringic (peak 1), 442 vanillic (peak 5), chlorogenic (peak 6), p-coumaric (peak 9) and caffeic (peak 10) acids. 
